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The interface of a cholesteric liquid crystal with an isotropic fluid can display a range of unusual
properties, such as a layer of topological defects close to an undulated interface. These properties
have been know for a long time and have been explored for technological applications as a tunable
substrate for colloidal self-assembly. However, from a fundamental point of view, this interface
remains poorly understood and even basic properties, such as the dependence of the surface tension
on the attributes of the liquid crystal, remain unknown. Here, we present a systematic calculation of
the structure and surface tension of the cholesteric-isotropic interface and how these vary with the
properties of the liquid crystal. We also suggest the intriguing possibility of wetting of this interface
by a blue phase.
PACS numbers: 83.80.Xz, 68.03.Cd, 68.05.Cf
Liquid crystals (LCs) illustrate many of the most fasci-
nating concepts of fundamental Statistical Physics, hav-
ing an intermediate order between the isotropic liquids
and the highly symmetric solids [1, 2]. Thanks to their
central role in the display industry nematic phases, the
simplest and the least ordered LCs, are widely studied
from the fundamental, and also from the applied, point
of view.
Nematic LCs have no positional but posses orienta-
tional ordering, i.e., a preferred direction along which
the molecules align. In cholesterics, also known as chi-
ral nematics, this preferred direction rotates in space due
to the chirality of the constituents, or of a dopant, de-
scribing a helix with a given pitch (see Fig. 1). This
extra length scale and extra degree of ordering in one di-
mension are responsible for the peculiar properties of the
cholesteric phases, which exhibit many of the features of
layered systems.
Such properties also manifest themselves at the inter-
faces of cholesterics which display a range of unusual fea-
tures, such as non-planar interfaces and nucleation of a
layer of topological defects [3–8]. These phenomena have
been described experimentally and theoretically [3–6], as
well as their implications to wetting phenomena [7]. It
is however remarkable that even basic interfacial proper-
ties, such as the surface tension, and their dependence on
the important parameters of the system, the pitch and
the elastic constants, are not know. This surprising fact
is due to the complex structure of the interface that is not
amenable to analytical results; even the numerical anal-
ysis is non-trivial as it requires adequate descriptions on
very different length and time scales.
In this Letter we describe the properties of the inter-
face of a cholesteric LC with the isotropic liquid phase,
using a Landau-de Gennes (mean field) free energy de-
scription. This method is particularly suitable to study
the cholesteric-isotropic interface as it describes simulta-
neously both phases, the transition between them, and
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FIG. 1. (color online) Cholesteric-isotropic interface with pla-
nar anchoring. The cholesteric has a pitch P = 50ξ and the
local orientation of the LC is color coded from in-plane (blue)
to out-of-plane (red). Also plotted are the values of the scalar
order parameter S (red dashed line) and the out-of-plane ori-
entation of the LC n2z (black line) along the horizontal direc-
tion. The interface is identified by the abrupt change in the
value of S from Sb ≈ 1 to 0.
the intrinsic structure of the interface. We show how
fundamental interfacial properties such as the structure
of the interface and the surface tension depend on the
parameters of the system. The calculation of the sur-
face tension requires a careful discussion of what is the
interface and how this definition depends on the length
scale at which we are observing it. We also reveal the in-
triguing possibility of wetting of the cholesteric-isotropic
phase by a more ordered blue phase [2]. Our focus is
on the fundamental interfacial physics of the cholesteric-
2isotropic interface, however the ordered layer of topolog-
ical lines that nucleate at the interface has potentially
interesting technological applications, as a tunable sub-
strate for colloidal templating [8].
The starting point of our analysis is the Landau-
de Gennes free energy for a cholesteric [1, 9], which
is built from the usual expansion in the lowest or-
der terms of the symmetric, traceless, tensor order pa-
rameter Qij , split into elastic fe, and bulk terms fb,
F =
∫
dV (fe + fb). Here fe =
1
3+2κ
(Qij,kQji,k +
4q0QilǫijkQkl,j + 4q
2
0QijQji + κQij,jQki,k) and fb =
2
3
τQijQji− 83QijQjkQki+ 49 (QijQji)2, where summation
over repeated indices is assumed. We use a dimension-
less free energy. κ = L2/L1 is the ratio of two elastic
constants L1 and L2; κ = 0 is equivalent to the usual
one-constant approximation in the Frank-Oseen formal-
ism [1]. q0 is the inverse wavelength of the cholesteric
pitch P = 2pi
q0
. In this model the nematic phase is de-
scribed by the limit of infinite pitch or, equivalently, the
limit q0 → 0. τ is a reduced temperature whose value
determines the equilibrium bulk phase. While for a ne-
matic τ = 1 is the coexistence temperature between the
nematic and the isotropic phases, for a cholesteric the co-
existence temperature depends both on κ and the pitch.
All lengths are measured in units of the correlation length
ξ, which is the scale of the typical size of the topologi-
cal defects and of the width of the LC-isotropic inter-
face. As a reference, for the nematic LC 5CB the cor-
relation length at room temperature is around 15nm so
P = 1000ξ is equivalent to P = 15µm. The order in
the LC phase is described by a scalar order parameter
S with values S = 0 in the isotropic phase and S = Sb
in the LC phase. For a nematic, at the coexistence tem-
perature, Sb = 1. For cholesterics, however, Sb depends
weakly on κ and P . We assume translational invariance
along the z direction and thus calculate the configura-
tion on the xy plane. The Landau-de Gennes free en-
ergy is minimized using the Finite Element Method with
a relaxation scheme, through the commercial program
COMSOL 3.5a (http://www.comsol.com). The meshes
used are such that the precision of our numerical results
is better than 1%. To ensure a good resolution of the
interface we use a finer mesh of maximum size ξ close to
it.
The first step to understand the cholesteric-isotropic
interface is to look at the configuration of the interface
when the interface favors planar anchoring, i.e. the lo-
cal direction of the LC is parallel to the plane of the
interface, as in Fig. 1. In this case the layered structure
of the bulk cholesteric is not disturbed by the interface.
The value of the scalar order parameter S changes at the
interface but, since this change occurs over a distance
comparable to the bulk correlation length ξ, we expect
that if the pitch P ≫ ξ the cholesteric-isotropic inter-
face is similar to the nematic-isotropic interface, with a
similar value of the surface tension. In fact, a calcula-
tion of the surface tension using a simple ansatz for the
interface gives a value identical to that of the nematic-
isotropic interface [10, 11]: σ‖ = 16
√
6+κ
3+2κ
. We tested
numerically the accuracy of the ansatz and the result
for σ‖, and found very good agreement, within the accu-
racy of the numerical results. Recall that for the nematic
similar calculations show that the equilibrium orientation
at the interface can only take two values, depending on
κ. If κ > 0 the anchoring is planar, as just described.
On the other hand, κ < 0 favors homeotropic (perpen-
dicular) anchoring, with the LC oriented parallel to the
normal to the interface and a surface tension σ⊥ =
√
2
6
.
Other values of the orientation of the LC at the interface
are not possible, in equilibrium, within this Landau-de
Gennes free energy.
For a cholesteric with κ < 0, favoring interfacial
homeotropic anchoring, the differences from the nematic
are striking as there is intrinsic frustration in the system:
it is not possible to find a configuration that, at the same
time, has homeotropic anchoring at the interface and is
consistent with the layered structure of the cholesteric.
As a consequence, the equilibrium configuration includes
both the creation of topological defects (λ+ disclination
lines [1]) and undulations of the interface [3–7]. This can
be seen in Fig. 2 that illustrates the configuration of the
interface with a pitch P = 1000ξ and κ = −1, 0, 1: the
interface, defined by the line with S = Sb/2, is undu-
lated and there is a non-singular topological defect close
to it. Taking κ = 0 as a reference, where neither planar
nor homeotropic anchoring is preferred, it is clear that
for κ = −1 the anchoring is mostly homeotropic and for
κ = 1 the anchoring is mostly planar, as expected from
the results for the nematic-isotropic interface.
To obtain these solutions we started with an initial
configuration of a bulk cholesteric that changes abruptly
to an isotropic phase perpendicular to the “layers”. The
system is then allowed to evolve towards the minimum
of the free energy. Note that the configurations for κ ≥ 0
are metastable or even unstable: the equilibrium config-
uration has the “layers” parallel to the interface. We also
note that for high values of κ, which strongly favor planar
anchoring at the interface, the system can satisfy the an-
choring requirement, while still twisting in the direction
parallel to the interface, by breaking the symmetry near
the interface and doubling the periodicity of the config-
uration from P/2 to P . Even though this configuration
of the interface is metastable it is probably observable in
experiments and is related to some configurations that
have been described before [4, 5].
Given the complex distortions close to the interface,
the definition of what is the interface and the correspond-
ing surface tension is somewhat subtle. There can be
two, apparently opposed, points of view on what consti-
tutes the interface and how to calculate the surface ten-
sion. Perhaps the most intuitive one is: for P ≫ ξ the
3A
FIG. 2. (color online) Configurations of the interface for P = 1000ξ, (left) κ = −1, (middle) κ = 0, and (right) κ = 1. Notice
that the orientation of the LC at the interface goes from mostly homeotropic (κ = −1) to mostly planar (κ = 1) as the sign
of κ changes. The orientation of the cylinders depicts the orientation of the liquid crystal and the color is proportional to the
out-of-plane orientation of the LC (red for out-of-plane; blue for in-plane). The black line marks the position of the interface
at S = Sb/2 and the dashed circle identifies the λ
+ disclination line. The amplitude of the undulations of the interface A is
defined as the difference between the heights of the maximum and minimum of the line S = Sb/2. The lateral size of each
configuration is P/2 = 500ξ. The configuration for κ = 1 (right) is metastable.
cholesteric-isotropic interface is similar to the nematic-
isotropic interface, including the value of the surface ten-
sion. We used this reasoning to justify why the surface
tension of a cholesteric with planar alignment at the in-
terface, as in Fig. 1, has the same value as the nematic-
isotropic surface tension. From this point of view the
undulation of the interface and the distortions of the
cholesteric layers are not part of the interface and should
not be included in the calculation of the surface tension.
This reasoning is adopted implicitly in calculations such
as the ones in Ref. [5].
On the other hand, at a macroscopic scale the inter-
face is effectively flat. Notice that the amplitude of the
undulation in Fig. 2 is a small fraction of the pitch. For
pitches on the micron scale the undulations of the inter-
face are most likely below the visible wavelengths and so
the interface will appear flat when observed with an op-
tical microscope. From a thermodynamic, macroscopic,
point of view the surface tension is the free energy cost of
increasing the area of an interface. This means that if we
double the area of the interface, we must double the num-
ber of distortions. Hence, the energetic contributions of
the undulations and of the distortions of the cholesteric
layers must be included in the free energy. They are an
integral part of the interface.
Hence the definition of the interface and the surface
tension depends on the length scales at which we look
at the system. We are interested in the thermodynamic
surface tension and so adopt the latter view. To be a bit
more quantitative we can calculate the surface tension
of the configurations for given pitch and κ. Since the
free energy is constructed such that at coexistence the
free energy of the LC and that of the isotropic phase are
equal and correspond to the ground-state, the thermody-
namic surface tension is simply the volume integral of the
free energy of the configuration that minimizes the free
energy, such as those shown on Fig. 2. The calculation
of the surface tension of a cholesteric with P = 1000ξ
reveals a surprisingly small effect of the undulations of
the interface and of the cholesteric layers on the surface
tension, as seen in Fig. 3. For κ > 0 the orientation of
the layers perpendicular to the interface does not mini-
mize the free energy and this configuration is metastable
or even unstable. The equilibrium configuration has the
layers arranged parallel to the interface as in Fig. 1. For
κ < 0 there are some deviations from the surface ten-
sion of the nematic but, again, of a surprisingly small
magnitude given the increased surface area of the inter-
face (at small length scales) and of the distortions of the
cholesteric layers.
Also shown are the results for a much smaller value of
the pitch, P = 20ξ. In this case the behavior is consid-
erably different: the surface tension is clearly different
from that of a nematic, decreasing as we move to more
negative values of κ and it becomes negative at κ ≈ −0.5.
The latter indicates that in this region of the parameters
the cholesteric phase is no longer the thermodynamically
stable phase and is a signature of the presence of stable
blue phases in the phase diagram [2]. This strong de-
crease of the surface tension for negative values of κ is
due to the formation of regions of double-twist close to
the interface (precursors of the blue phase), that have
lower free energy than the bulk cholesteric, Fig. 5.
In the inset of Fig. 3 we plot the surface tension for
several values of the pitch and κ = −1. We find a strong
dependence of the surface tension on the value of the
pitch for P < 200ξ, reflecting the effect of the double
twist regions and of the proximity to the blue phases
in the bulk phase diagram. Only for P > 200ξ does
the result approach the asymptotic limit of the nematic-
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FIG. 3. (color online) Surface tension with κ and pitch of a
cholesteric-isotropic interface with the layers perpendicular to
the interface. (main, bottom) Surface tension with κ for pitch
P = 1000ξ (red) and P = 20ξ (blue). Also shown are the re-
sults for the nematic with planar (black, full) and homeotropic
anchoring at the interface (black, dashed-dotted). The sur-
face tension for P = 20ξ increases with κ, by contrast to
what happens for large values of the pitch, and becomes neg-
ative for κ <∼ −0.5 signaling that the cholesteric phase is no
longer the thermodynamically stable phase in this region of
parameters. If the system is allowed to relax further a blue
phase nucleates from the interface, Fig 5. (inset, top) Surface
tension with pitch for a cholesteric with κ = −1 (full line)
and for a nematic with homeotropic anchoring at the inter-
face (dashed horizontal line). The surface tension reaches a
value close to the asymptotic for P > 200ξ, with a maximum
at around P = 400ξ and then decreases slowly to the value
of the surface tension of the nematic-isotropic interface with
homeotropic anchoring.
isotropic interface.
Let us now look at the dependence of the amplitude of
the interfacial undulation A, measured as the difference
between the heights of the maximum and minimum of
the isoline S = Sb/2 (Fig. 2), on both the pitch and κ,
plotted in Fig. 4. The interfacial undulations increase
linearly with |κ|, for κ < 0. For κ > 0 the equilibrium
state is the configuration with the layers parallel to the
interface and thus the undulation of the interface is zero.
The same qualitative behavior was found for other values
of the pitch, P > 200ξ. Fig. 4 also reveals the scaling
A ∼ √P . In the limit of infinite pitch (a nematic) the
ratio A/P goes to zero, as expected. We observed the
same qualitative behavior for other values of κ < 0.
The explanation of the dependence of the amplitude of
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FIG. 4. Amplitude of the undulations of the interface with
κ for P = 1000ξ (left) and with the square root of the pitch
for κ = −1 (right). The straight lines are fits to the results:
A = −33.1κ− 2.2 (left) and A = 1.359
√
P − 11.6 (right).
the undulations with κ and the pitch is not trivial. The
undulations are the result of a delicate interplay between
the elastic distortions of the liquid crystal, the surface
tension and the anchoring at the interface. Calculations
of the free energy of an interface that may change its
configuration at fixed director configuration, using the
ansatz of Ref. [5], results in the predictions A ∼ P and
A ∼ κ2. Comparing our results with the configurations
that result from this ansatz it is clear that the failure, of
the ansatz, may be traced to the inaccurate description
of the configuration of the LC close to the interface. The
fact that the scaling A ∼ P breaks down is a clear sign
of the presence of two length scales: P and ξ. Despite
that in general ξ ≪ P the influence of ξ is important
as the interface undulates to avoid the nucleation of a
second topological defect, whose size and position, are
determined by ξ. The scaling of A with κ and P is de-
termined by the minimization of the distortions while
avoiding the nucleation of this topological defect, which
we have not been able to obtain analytically.
Finally, we come back to the results for smaller val-
ues of the pitch. We have already seen the signs of the
presence of blue phases in the phase diagram: negative
surface tension of the cholesteric-isotropic interface. In
these systems we observed nucleation of the blue phase at
the interface, Fig. 5. The condensation of a phase from an
interface proceeds without nucleation barriers and thus
the growth is more ordered and with fewer defects than
those that result from condensation in the bulk. This
provides an interesting route to assemble defect free blue
phases, either in experiments or in simulations. In the
latter case the formation of a blue phase usually requires
the tunning of the initial conditions of the liquid crys-
tal, something that might not always be easy. It is also
interesting to note that if we set the parameters of the
system at the triple point, at coexistence of the isotropic,
cholesteric and blue phase, our preliminary results indi-
cate wetting of the isotropic- cholesteric interface by the
blue phase. Since blue phases have the symmetry of solid
5lattices but flow like liquids the wetting properties of this
triple point are bound to be exotic. We plan to explore
this in the near future.
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FIG. 5. Blue phase at the cholesteric-isotropic interface. For
small values of the pitch a blue phase condenses from the
interface. This raises the intriguing possibility of wetting of
the cholesteric-isotropic interface by a blue phase.
To conclude, we showed how the detailed structure and
the surface tension of the cholesteric-isotropic interface
vary with the important parameters of the liquid crys-
tal. Our approach, based on the Landau-de Gennes free
energy, is ideally suited to study the intrinsic structure
of the interface and the surface tension. Past experi-
ence suggests that Landau-de Gennes theory captures
most of the qualitative phenomena of liquid crystals and
is very often surprisingly quantitatively correct, despite
the usual shortcomings of mean-field theories when deal-
ing with fluctuations [1]. As such, we believe that the
main results of our Letter are qualitatively correct and a
careful examination of the properties of the cholesteric-
isotropic interface should lead to determination of the de-
pendence with the pitch and the validation of our results.
This is also the first step in the study of wetting prop-
erties of cholesteric liquid crystals. There has been some
recent interest in this phenomenon [7] but the behavior
at patterned surfaces is completely unknown, despite the
fundamental interest of wetting of patterned substrates
by liquid crystals [9, 11].
Our focus was on the fundamental properties of the
cholesteric-isotropic interface but our results might have
interesting technological applications. Recently it was
shown that it might be difficult to use the array of discli-
nation lines at a cholesteric-oil interface for colloidal tem-
plating, due to the huge number of metastable states that
can form [8]. Since the undulations of the interface are
much bigger for the cholesteric-isotropic interface, and
the surface tension much lower, the energy landscape is
very different and colloidal templating might be easier at
such interfaces.
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